Rmelp is a zinc-finger protein and has a pivotal role in control of meiosis in Saccharomyces cerevisiae. The DNA binding domain of Rmelp consists of three zinc-finger segments and the C-terminal 16 amino acid residues (called C-TR). To examine the role of C-TR, a series of mutant Rmelp fused with maltose binding protein (MBP) were constructed, purified, and characterized, in terms of the DNA binding ability. The basic amino acid residues R287 and K290, and the hydrophobic residues F288, L292, 1295, and L296 play an important role for DNA binding, suggesting that the C-TR forms an amphipathic a-helix. Also, it was shown that the mutations in the basic amino acid residues abolish the repression and inhibition of spore formation by Rmelp in vivo. Hence, the C-TR is important for in vivo function of Rmelp.
INTRODUCTION
The process of entering meiosis in Saccharomyces cerevisiae is regulated by both environmental signals and a cascade of regulatory genes. Rmelp (Regulator of Meiosis) is an inhibitor of meiosis and subsequent spore formation. It is expressed in a and a cells, which are unable to enter meiosis, and is repressed in a/a cells, which can enter meiosis. Rmelp acts directly as a repressor of IME1 (Inducer of Meiosis), a positive regulator of many meiosis-specific genes. Recently, we showed that Rmelp binds to two sites upstream of IME1 genes, at -2030 and -1950 1 " 3 . Both sites are required for repression by Rmelp. Besides repression of IME1, Rmelp functions as an activator of the CLN2 gene. Consistent with this, it was shown that introduction of IME1 -2030 binding site into a heterologuous promoter confers Rmelpdependent activation, not repression 1 . Thus, Rmelp is a transcription factor capable of acting in either negative and positive regulation.
Rmelp that consists of 300 amino acid residues is a zinc-finger protein homolog 4 . Three regions similar to Cys2-His2 zinc-finger lie at positions 178-199 (ZF1), 206-234 (ZF2), and 256-281 (ZF3) (see Fig.  1 ). Notably, none of the putative Rmelp zinc-fingers precisely matched with the consensus sequence of Cys2-His2 zinc-finger 4 . Thus, Rmelp may provide new insight to mechanisms of diversity of DNA recognition by zinc-finger proteins. As seen in Fig.  1 , we have recently shown by the analyses of deletion mutant proteins that the DNA binding domain involves all three zinc-fingers and the C-terminal region (C-TR, residues 285-300), the latter of which plays an essential role in DNA binding 5 . To evaluate the role of C-TR region, we have constructed and purified a series of point mutants of Rmelp fused with maltose binding protein (MBP). We examined the binding of the mutant Rmelp proteins to DNA by gel retardation assay.
MATERIALS AND METHODS
The point mutations were introduced into RME1 gene by PCR, and the genes for Rmelp mutants fused with maltose binding protein (MBP) were cloned into pMAL-c2 (New England Biolabs). A series of MBPRmelp with point mutations were overexpressed in E. coil TB1, and purified from the cell lysate using amylose-resin column chromatography. A 404 bp fragment that contains two Rmelp binding sites was radioactively labeled, and it was titrated with the MBP-Rmelp proteins in a binding buffer (50 mM Tris-HCl (pH 8.0), 50 mM KC1, 0.5 mM MgCl 2 , 1.5 mM dithiothreitol, 8% glycerol, 0.25 |ig/^l bovine serum albumin, 0.15 ng/ul of poly (dI-dC)»poly (dldC) ). The mixture was loaded and run on a 6% polyacrylamide gel electrophoresis at 4°C.
RESULTS AND DISCUSSION
Recently, we identified the Rmelp binding sites in the upstream of genomic IME1 at -2030 and -1950 by in vivo footprinting 2 , revealing a 11 bp consensus sequence for Rmelp binding as 5'-G(A/T)ACCTCAA(G/A)A-3'. Also, we showed that the DNA binding domain of Rmelp was attributed to C-terminal amino acid residues 171 to 300 5 , that contains three zinc-fingers and C-TR region (Fig. 1) . Importantly, the C-TR region (285-300 amino acid residues) with three zinc-fingers is essential to gain full DNA binding strength 5 . The amino acid
Provided that the region folds into a-helix, the basic amino acid residues may form a ridge on oneside of the helix, whereas the hydrophobic residues may form it on the other side (Fig. 2) .
To address this issue, we introduced a series of point mutations into the C-TR region of Rmelp, and the DNA binding ability was analyzed by gel retardation assay using a 404 bp of IME1 upstream fragment. The basic amino acid residues R287 and K290, and the hydrophobic residues F288, L292, 1295, and L296 were found to play an important role for DNA binding, suggesting that the C-TR forms an amphipathic a-helix (Fig. 2) .
To examine the role of C-TR in vivo, we introduced the K290A/R291A/K293A/K294A mutations into the genomic RME1 locus. Then, repression by Rmelp was examined using a CYC1-lacZ reporter plasmid containing the 404 bp of IME1 upstream fragment that confers Rmelp-dependent repression'-2 . The repression was abolished in the strains expressing the mutant Rmelp with K290A/R291A/K293A/K294A mutations. Furthermore, effect of the C-TR mutations on the spore formation was investigated. The strain expressing the wild type Rmelp did not form spores, whereas the stain expressing the C-TR mutant protein formed spores. Thus, the C-TR region plays an essential role for Rmelp function in vivo. It was conformed by SDS-polyacrylamide gel electrophoresis/western blotting that the mutant Rmelp is stable in the yeast cells.
In summary, it was demonstrated that C-TR is essential for both DNA binding in vitro and Rmelp function in vivo. The mutation analyses revealed that the important amino acid residues in the C-TR (Fig.  2) . Thus, the basic amino acid residues R287 and K290 must be involved in the contact with DNA, whereas the hydrophobic residues F288, L292,1295, and L296 would be involved in the interactaction with zinc-fingers to stabilize the DNA binding domain. The important amino acid residues for DNA binding are shown by black and gray circles for basic and hydrophobic residues, respectively.
